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Solar 
OCEAN ENERGY 
Liaison 
FULL DETAILS INCLUDING TECHNICAL DATA 
ON JAPANESE OTEC DEMONSTRATION PLANT 
General information on the Japanese 
OTEC demonstration plant in Nauru, in-
cluding photographs, has been published 
in our November 1981 and February/March 
1982 issues, but with only limited detail. In 
with our OTEC colleagues in Japan must 
be translated, and the bulk of that is done 
by the Japanese themselves, so that we can 
read their reports in English. This creates 
inevitable delays. 
contrast to the belief of some members of _------__________ .. 
the OTEC community that the Japanese 
are unwilling to share information, OE's 
Editor has found exactly the opposite to 
be true. An eager desire to share informa-
tion, including technical data, has been our 
experience going back as far as the January 
1978 issue of OE (then The OTEC Liaison) 
which detailed the heat-exchanger work of 
the Japanese. 
Most of that information, in fact, came 
to OE via technical papers presented at the 
Fifth OTEC Conference. OE readers should 
find it of interest that it was only over the 
serious objections of several members of 
DOE's Ocean Systems Branch at that time 
that the organizers of the conference were, 
at their insistence, able to include any non-
US papers at that meeting! 
Our experience echoes that of several 
US OTEC researchers, both within and 
without the Government, who have visited 
OTEC test facilities in Japan. 
What is a problem, however, is com-
munication. Most of OE's correspondence 
Information on the Nauru OTEC dem-
onstration plant in the following article is 
based on the Japanese-language article 
specified, as well as on information for-
warded to Ocean Energy by Takenobu 
Kajikawa, Chief of the Ocean Energy 
Section of the Electrotechnical Laboratory, 
and Yasunobu Nakamoto, Chief Engineer 
of the Department of Advanced Power Sys-
tems of Toshiba Corporation. 
Translations were arranged by the Of-
fice of Ocean Minerals and Energy, and 
were obtained with the assistance of the 
Translations Unit of the National Marine 
Fisheries Service. Both 'of these units be-
long to the National Oceanic and Atmos-
pheric Administration (NOAA), an agency 
of the US Department of Commerce. 
Ocean Energy thanks the aforemen-
tioned for their aid, with special acknow-
ledgement and thanks to Richard D. Nor-
ling, OTEC Program Manager of the Office 
of Ocean Minerals and Energy, for his co-
operation. (continued on Page 3) 
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ADVANCE PROGRAM OF '82 
CONFERENCE NOW AVAILABLE 
Advance programs have been mailed for 
the "Oceans '82" conference to be held in 
Wash ington DC September 20th through 
22nd. The theme of the conference, spon-
sored mainly by the Marine Technology 
Society, is "I ndustry, Government, Aca-
demia: Partners in Ocean Progress". 
As detailed in our February/March issue, 
the last day of the meeting will be devoted 
to technical papers on ocean energy, with 
an OTEC workshop scheduled for the fol-
lowing day. The OTEC workshop will sup-
plement the ocean-energy sessions to be 
held on the last two days of Oceans '82 
and provide a forum for leaders in ocean 
energy to present the current status of the 
technology and plans for the future. 
The advance program includes the fol-
lowing tentative agenda: 
Keynote Address 
Speaker to be Announced 
General Electric Proof of Concept 
Conceptual Design Update 
General Electric Company 
Ocean Thermal Corporation Proof 
of Concept Conceptual Design 
Update 
Ocean Thermal Corporation 
Status of Ocean Engineering 
Technology 
G. Lee 
OTEC: The Government Framework 
for Development 
Richard D. Norling 
NOAA, Office of Ocean Minerals 
and Energy 
Environmental Research for 
Facilitating OlEC 
Commercialization 
Edward P. Myers 
• NOAA, Office of Ocean Minerals 
and Energy 
OTEC . Status and Potential of 
Private Funding 
Evans J. Francis, 
Dennis Richards; 
Applied Physics Laboratory, 
Johns Hopkins University 
(continued on Page 4) 
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Letter From The Publisher 
NOW: today ... is the best time ... 
. . . to make OTEC a reality. 
" have been in love with DTEC for quite a good hunk of time now. It's been over six 
years. Yet it was only recently, on a bright spring morning, that I asked myself why. And 
why have I, like so many others that I also call "DTEC zealots", stuck doggedly to it, in 
whatever role we have thought best to aid in making DTEC a reality? 
The answer came in a single word : reliability. I realized that DTEC's fuel, the tempera-
ture differences in the oceans, was subject to absolutely no alteration, by either human or 
natural interference. Plus the fact that, unlike other solar technologies, the fuel is there 
24 hours a day. 
A simple answer: reliability. But today, in 1982, I could think of nothing else-whether 
energy technology, national strengths, political power, investments, equipment, or ma-
chinery-that can honestly be said to have true reliability. 
And then I realized its importance-for how we all yearn for reliability in all of the 
aforementioned areas, as well as virtually every other aspect of our lives. 
OTEC-INTRINSICALL Y RELIABLE 
Df course the "machinery" necessary to utilize DTEC's resources is subject to down 
time. But the solution lies in modularity and multiple cold-water piping, so that at any 
given time the greater part of a commercial DTEC plant's capacity will be operable. 
In the six years I have been involved in DTEC-not a long time by most standards-
phenomenal progress has been made. Six years ago there were only paper studies. Today, 
all of the technological aspects of DTEC once thought to be stumbling blocks have been 
demonstrated successfully in the oceans, many via multiple demonstrations throughout 
the world. 
OTEC TODAY: THE BEST TIME 
Contracts with utilities are being signed, specific sites are being selected, and construc-
tion capital is being raised. 
For DTEC has finally come out of the research and development stage, and thus out 
of dependency on federal funding. While this development, in the United States, may 
have created some unhappiness among those firms and individuals whose rice bowls were 
filled for years by federal R&D money, others have ceased hesitating and have gone ahead 
with the currently viable activity: commercialization. 
The players may change, but DTEC progress will now leap forward. As one indication, 
the amounts of money now in the process of being raised for DTEC commercialization 
will, with hindsight, make federal DTEC R&D funding look puny by comparison. 
Despite the state of the economy, now is the best time for DTEC. Everything is in 
place today: the technology, the investment climate, the willingness of utilities to con-
tract for private power, and, most important, the people-the "DTEC zealots" -who 
are making it happen. 
Just watch us, world-DTEC is, finally, getting its feet wet in the real world. 
OTEC PATENT ISSUED 
Patent 4,302,682 for an "Dcean Ther-
mal Energy Conversion System" was re-
cently issued and assigned to Westinghouse 
Electric Corporation of Pittsburgh, Penn-
sylvania. 
Sincerely 
Richard Arlen Meyer 
Publisher and Editor 
WAVE ENERGY PATENT ISSUED 
Patent 4,300,871 for a "Method of 
and Apparatus for Extracting Energy from 
Waves" was recently issued to the United 
Kingdom Atomic Energy Authority of 
London, England. 
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(continued from Page 1) 
FULL DETAILS 
ON JAPANESE OTEC 
DEMONSTRATION PLANT 
Cover letters to 0 E's Editor from Ka-
jikawa and Nakamoto which accompanied 
the following detailed reports included the 
following pertinent information as of Feb-
ruary 1982. 
The turbine generator was first started 
on October 3rd, 1981 and was successfully 
integrated into the Nauru power grid on 
October 5th, with a generator output of 
25 kilowatts. The rated output of 100 
k i iowatts was reached on October 11th, 
with a net power output of 15 kilowatts. 
On October 16th an overload of 110% 
(110 kilowatts) was reached for 20 min-
utes. On October 23rd, an overload of 
120% (120 kilowatts) was achieved, with 
a net output of 31 kilowatts. 
Generally, the plant was started in the 
morning and was stopped in the evening 
every day. The reason why the plant was 
not operated round the clock was a short-
age of operators. However, special non-
stop running tests were performed for as 
long as 10 days (from November 18th to 
November 28th) with substantially the 
same results. 
Since then, the plant has been operating 
"in heat loop to verify biofouling controls 
for shell-and-tube heat exhangers by a 
sponge-ball clean ing device provided by 
Taproge-Japan". Both the evaporator and 
the condenser use titanium tubes. 
A brief article on the Nauru demonstra-
tion plant appeared in The Journal of the 
Institute of Electrical Engineers of Japan, 
Volume 101, Number 12, December 1981. 
To su~marize the general information 
contained therein, construction was begun 
in April 1981, and tests performed have 
included generating tests and heat-loop 
tests, including tests under various loads, 
seawater temperature-variation tests, and 
continuous generating tests, all of which 
are to be performed for a full year, until 
October 1982. The working medium is 
R-22 (Freon), the warm surface-water 
temperature is 300 C, and the cold deep-
water temperature is 80 C. 
HEAT BALANCE DIAGRAM 
1. WARM WATER PUMP (ONE) 8. TURBINE BYPASS VALVE 
2. SURFACE WATER: APPROX. 300 C 9. CONDENSER 
3. VAPORIZER 10. FREON-22 
4. OIL PUMP 11 . LEVEL ADJUSTMENT VALVE 
5. TURBINE 12. FREON PUMP (ONE) 
6. 0 1 L UN IT (ONE) 13. COLD-WATER PUMP (ONE) 
7. GENERATOR 14. DEEP WATER: APPROX. 80 C 
An almost-~er ial view of the Nauru facility, photographed from nearby unrelated struc-
tures. The p ipe in the foreground is the warm-water pipe, with the cold-water pipe 
behind it, central of the three. The pipe in the background is the 1-meter-diameter 
discharge (mixed effluent) outlet. For full perspective, compare this photo with those 
on Pages 3 and 4 in our November 1981 issue. 
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The following has been translated from 
a lengthy article which appeared in an un-
named Japanese technical journal. Titled 
"Ocean Thermal Energy Conversion", the 
article is authored by Yutaka Seka of the 
Tokyo Electric Power Services Company. 
TEPSCO, together with the Tokyo Elec-
tric Power Company, the Toshiba Corpo-
ration, and Shimizu Construction, designed 
and built the OTEC demonstration plant 
on the island of Nauru. 
Due to the length of this article, it will 
be continued in our May issue. Various 
graphs and charts accompany both issues. 
PREFACE 
Until now, Japanese industry has relied 
chiefly on petroleum as an energy source. 
But today, when changes in the mecha-
nism of the world's petroleum supply and 
increases in price are occurring continu-
ously, the development of energy substi-
tutes for petroleum must be considered an 
urgent necessity. 
At the June 1980 Venice summit, seven 
developed countries affirmed that they 
were taking positive steps to develop en-
ergy substitutes. This declaration, in which 
basic targets were announced for extrica-
tion from petroleum and development of 
substitutes, indicated that the GNP elastic 
value of energy for the summit participants 
as a whole would be reduced up to about 
6% during the 1980s. 
Fortunately, Japan, which is surrounded 
by oceans on all sides, is blessed with inex-
haustible natural energy sources, including 
solar energy, geothermal energy, wind pow-
er, and tidal energy as wei: as ocean energy. 
However considerable time is still required 
for the development of practical technol-
ogy for these new energies. 
The Tokyo Electric Power Services 
Company (TEPSCO) turned its attention 
to ftle oceans, which are natural collectors 
and storehouses of solar energy, two years 
before the Autumn 1973 oil shock, and 
began conducting basic research on Ocean 
Thermal Energy Conversion in 1971. Since 
then we have been proceed ing with experi-
mental research on electricity-generation 
systems and heat exchangers, as well as 
experimental research on the materials and 
construction of cold-water intake pipes. 
We have set up a 100-kilowatt pilot plant 
in the Republic of Nauru, which is consid-
ered one of the world's best sites for Ocean 
Thermal Energy Conversion, and are pro-
ceeding with technical development of on-
shore Ocean Thermal Ener<lY Conversion. 
The main reasons for deciding on an 
onshore location for this facility were the 
contribution to non-oil-producing devel-
oping countries, and the fact that it was 
thought economical and rational to devel-
op the new technology in the most stable 
environmental conditions. The equipment 
and building elements of the plant have 
been completed at present, and so has the 
installation of cold-water intake pipes 
(ocean-bottom total length 950 meters, 
depth 560 meters). On another occasion 
we would like to describe this in detail. 
We plan to complete the installation of 
the turbine generator and other mechan-
ical equipment before the middle of Sep-
tember, and then to begin test operation 
of the plant. 
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OUTLINE OF OCEAN THERMAL 
EN ERGY CONVERSION 
Principles of Electricity Conduction 
The electricity-generation cycle used by 
TEPSCO is a Rankine cycle similar to those 
of general thermal and nuclear power-gen-
erating plants. However since the high tem-
perature source is at the low temperature 
of about 300 C, water (steam) cannot be 
used as the working med ium. I nstead, a 
substance with a low boiling point which 
vaporizes at low temperatures is used. Sub-
stances with boiling points below 1000 C 
at atmospheric pressure are called low-
boiling-point media. There are many kinds, 
including Freon, ammonia, butane, pro-
pane, and methane. The conditions neces-
sary for a low-boiling-point medium are: 
(1) excellent thermodynamic and heat-
conduction properties; (2) high purity and 
ease of acquisition at low cost; (3) absence 
of toxicity, flammability, and explosive-
ness, and prese'nce of thermodynamic sta-
bility; and (4) ability to allow an appro-
priate pressure with respect to the heat 
source. 
As a result of various investigations the 
Company decided to use Freon (R-22), 
which satisfies the above conditions. The 
first consideration was the safety of the 
plant as a prospective commercial facil ity. 
Test computation results for evaluating the 
various media are shown in Table 1. 
(continued on Page 5) 
(continued from Page 1) 
Organizing and Financing an OrEC 
Venture 
Samuel A. Bleicher 
Blank, Rome, Comisky & McCauley 
Conceptual Design of 100 and 
400 MWe orec Systems-An 
Update 
William P. Deuchler, 
Kenneth G. Picha; 
Gibbs & Cox, Inc. 
orEC Methanol 
W. H. Avery, 
Dennis Richards; 
Applied Physics Laboratory, 
Johns Hopkins University 
Update on Developments In Wave 
Energy Technology 
Dr. M. McCormack 
U.S. Naval Academy 
The advance program, including regis-
tration details, may be obtained by writing 
to Marine Technology Society Headquar-
ters, 1730 M Street Northwest, Washington 
DC 20036, or by phoning Robert J. Scott 
of Gibbs and Cox I ncorporated at (703) 
979-1240. 
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TABLE 1 
RESULTS OF TEST CALCULATIONS FOR EVALUATING MEDIA 
1. Medium used for test calculations 
2. Freon 
3. Ammonia 
4. Medium properties 
5. Boiling point (OC) 
6. Thermal stability 
7. Toxicity 
8. U-L number 
9. Combustibility 
O. Approximately 
1. Small 
2. Incombustible 
History of Development 
1971: Research and development for 
Ocean Thermal Energy Conversion was be-
gun by TEPSCO. Technical data and liter-
ature were collected from European coun-
tries and the US. 
1973: A site was chosen in the Repub-
lic of Nauru, directly on the Equator, 
where weather and oceanic conditions are 
mild and a temperature difference of 200 C 
or more is reliably obtained throughout 
the year. A test design of 2500 kw x 4 = 
10,000 kw was proposed. 
1976: I n order to prove the theory of 
Ocean Thermal En~gy Conversion, a dem-
onstration plant wcfs built by TEPSCO, il-
luminating a 100-watt lamp. 
1977: Considering the corrosion resis-
tance of warm-water and cold-water pipes, 
13. Heat exchanger 
14. Vapor pressure 
15. Condensation pressure 
16. Heat-conduction surface ratio (%) 
17. (Standard) 
18. Turbine 
19. Adiabatic heat fall 
20. Exhaust-gas humidity 
21. Dry 
22. Volume flow ratio 
23. I nternal power percentage 
underwater experiments were performed 
on reinforced plastic pipes 2500 millimet-
ers in diameter and 30 millimeters thick off 
Shimizu Bay. 
1978: A 1200-watt (1.2-kilowatt) plant 
was built, and research was performed on 
dynamic properties as a cycle, heat-con-
duction properties of the heat exchanger, 
and the like, indicating that it was possible 
to establish the system. 
1979: I n order to concretize plans for 
a 100-kilowatt pilot plant, a survey team 
was sent to the Republic of Nauru, and 
detailed surveys were made of the seawater 
temperature distribution offshore from the 
experimental site, currents, topology, dis-
tribution of ocean life, and so on. 
1980: Plans for the 100-kilowatt pilot 
plant were completed, and the warm-
water and cold-water pipel ines, turbine 
generators, heat exchangers, and other 
equipment was produced. 
1981: In co-operation with the Tokyo 
Electric Power Company technical-devel-
opment laboratories, research was per-
formed and cold-water intake pipes (poly-
ethylene, 700 millimeters in diameter, 36 
millimeters thick, and 940 meters long) 
were laid. At present, the first-stage prac-
tical designs of an onshore 2500-kilowatt 
commercial facil ity have been started. Also 
research has begun on the hull size, struc-
ture, and generating system of an offshore 
Ocean Thermal Energy Conversion gener-
ating station (two facil ities with a capacity 
of 2500 kilowatts each). 
Outline of 100-Kilowatt Pilot Plant 
I n selecting the power-generation ca-
pacity, the following points were consid-
ered in order to obtain the data and prac-
tical knowledge required for practical de-
velopment at the lowest cost, and a gener-
ating output of 100 kilowatts was chosen. 
(1) Since this plant is not designed to 
prove the theory, but is simply a demon-
stration plant, it is desired to operate on 
a scale which assures a certain amount of 
net output, calculated by subtracting the 
internal power from the generation output. 
(2) In Ocean Thermal Energy Conver-
sion, the heat exchanger is an extremely-
important component. The scale must be 
such that by analyzing the test results ob-
tained at all stages (design, construction, 
and operation), one can confidently pursue 
the development of improvements which 
will increase efficiency and reliability and 
reduce costs. 
(3) Since there is a temperature differ-
ence of about 200 C at the heat-exchanger 
inlet base, the turbine is operated at a 
temperature difference of 12 to 150 C. The 
scale must be such that performance data 
related to the design of large-scale facilities 
can be obtained. 
(4) The scale must be such that, through 
the evaluation of various properties of the 
generating station, system--design and op-
eration-control guidelines for actual plants 
can be ascertained. 
(5) With respect to the technique of 
laying cold-water intake pipes, which is 
poor in similar applications, the operation 
of laying pipe for the pilot plant was the 
first to succeed. Hence it is possible to dis-
cern the expansion to an actual plant from 
these experiments. 
Surveys of Weather, Ocean Conditions, 
and T~pography of Nauru 
TEPSCO performed on-site surveys of 
the weather and ocean conditions, topog-
raphy, electricity-transmission conditions, 
port facilities, domestic laws, and other 
pertinent aspects of the Republic of Nauru 
in October 1973, August 1979, and No-
vember 1979. 
Due to the length of this article, it will 
be continued in our May issue. 
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US GOVERNMENT 
PROCUREMENT INVITATIONS 
AND CONTRACT AWARDS 
Listed below are procurement invita-
tions and contract awards related to OTEC 
in particular and ocean resources in general 
culled from the Commerce Business Daily. 
This is not to be construed, however, as a 
complete list. 
Apr 5: Acoustical Support and Ocean 
Measurement Research: Contract N00014-
82-C-0243, February 26th, 1982 (RFP 
N00014-82-R-0021), for $1,034,820, 
awarded to Science Appl ications I ncorpo-
rated, 1200 Prospect Street, La Jolla, Cali-
fornia 92038. Office of Naval Research, 
800 North Quincy Street, Arlington, Vir-
ginia 22217. 
Apr 14: Further Reconstruction Sup-
port for Ocean Venture: Contract N0014-
81-C-0225, March 22nd, 1982 (no R FP), 
for $125,902, awarded to Atlantic Analy-
sis Corporation, 5 Koger Executive Center, 
Norfolk, Virginia 23502. Office of Naval 
Research, 800 North Quincy Street, Ar-
lington, Virginia 22217. 
Apr 14: Research on Fracture of Ti-
tanium: Contract N00014-82-K-0309, 
March 23rd, 1982 (no R FP), for $420,000, 
awarded to the University of Virginia, PO 
Box 2901, University Station, Charlottes-
ville, Virginia 22901. Office of Naval Re--
search, 800 North Quincy Street, Arling-
ton, Virginia 22217. 
Apr 14: To Provide the Basis for a Min-
erai Hydrocarbon Resource Assessment in 
the Fiji Area Using Marine Geophysical 
Techniques Involving Seismic and Mag-
netic Methods: Contract N00014-75-C-
0209, March 23rd, 1982 (no RFP), for 
$420,000, awarded to the University of 
Hawaii, 2444 Dole Street, Honolulu, Ha-
waii 96822. Office of Naval Research, 800 
North Quincy Street, Arl ington, Virginia 
22217. 
Apr 14: Oceanographic Studies Includ-
ing l\Darine Geology and Geophysics, Ma-
rine Geochemistry, Physical Oceanography, 
and Coastal Processes: Contract NOO 14-
80-C-0273, March 12th, 1982 (no R FP), 
for $1,739,692, awarded to the Massachu-
setts I nstitute of Technology, 77 Massa-
chusetts Avenue, Cambridge, Massachu-
setts 02139. Office of Naval Research, 800 
North Quincy Street, Arlington, Virginia 
22217. 
Apr 20: Research Which Focuses on 
Elucidating the Physics of How Sound 
I nteracts With the Ocean Bottom: Con--
tract N00014-75-C-0218, March 30th, 
1982 (no RFP), $103,000, awarded to 
New York University, 246 Greene Street, 
Room 302, New York, New York 10003. 
Office of Naval Research, 800 North Quin-
cy Street, Arlington, Virginia 22217. 
Apr 21: Marine Architect/Engineer Ser-
vices: Required in the Redwood City, Cal-
ifornia area on an "as needed" basis in 
conjunction with the Geological Survey's 
conversion of a 150-foot offshore supply 
boat to a marine research vessel capable 
of performing ocean-bottom sampling and 
light seismic work. Marine architect/engi-
neers should have experience in all phases 
of ship repair and modification, especially 
in regard to the conversion of offshore 
supply boats. Drafting and testing services 
may also be required. This effort is antici-
pated to be one year in duration. US De-
partment of the I nterior, Geological Sur-
vey, Procurement and Contracts Section, 
Building 13, Room 127, 345 Middlefield 
Road, Menlo Park, California 94025. 
Apr 22: Research to Develop Measure-
ment, Instrumentation Analysis, and Tech-
niques for Upper Ocean Microstructure and 
Horizontal Currents: Contract N00014-82-
C-0038, April 6th, 1982 (no RFP), for 
$106,284, awarded to the University of 
Washington , 22 Administration Building, 
AD-24, Seattle, Washington 98195. Office 
of Naval Research, 800 North Quincy 
Street, Arlington, Virginia 22217. 
Apr 23: Research in Rapid Elliptical 
Solvers in Numerical Ocean Models: Ne-
gotiations are to be conducted with Jay-
cor, 205 South Whiting Street, Alexandria, 
Virginia 22304. Office of Naval Research, 
800 North Quincy Street, Arlington, Vir-
ginia 22217. 
Apr 23: Continued Investigation of Un-
derwater Acoustic Propagation Modeling: 
Negotiations are to be conducted with 
Science Appl ications Incorporated, 1710 
Goodridge Drive, PO Box 1303, Mc Lean, 
Virginia 22102. Office of Naval Research, 
800 North Quincy Street, Arlington, Vir-
ginia 22217. 
Apr 28: Underwater Sensor System 
Task/Training Analysis: lAW N00024-82-
R-6309 (S) issued to Quest Research Cor-
poration, 6858 Old Dominion Drive, Mc-
Lean, Virgin ia 22101, since this firm has 
performed precedent work and has the 
background knowledge and experience re-
quired for this procurement. Contact L. 
LeMaistre, Code 02618, (202) 692-7702. 
Commander, Naval Electronics Systems 
Command, Washington DC 20362. 
Apr 30: Live Seawater and Sea-Air Ex-
posure Corrosion Research: The Govern-
ment hereby exercises its option to extend 
the per iod of contract N00600-80-C-E864 
for $340,381 with the La Que Center for 
Corrosion Technology, Wrightsville Beach, 
North Carolina 28480. David Taylor Naval 
Ship Research and Development Center, 
Bethesda, Maryland 20084, Attention C. 
Adelman, Code 5323, (202) 227-1079. 
• 
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